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(37010) cos 377 = 3770 cos 377t 


(754)(0.6) cos(754t + 20%) = 452.4 cos(7541 + 207) 


(y2 20)(157) cos(157t — 20%) = 4440.63 cos(157f — 20") 
(—200)(1) cos(t + 180%) = —200 cos(2 + 180%) = 200 cos £ 


Vo, = 1, R = (0.03 A)(7 x 107 2) = 210 V 
v = 210 sin 754f 


Vr, = TR = Q x 107% AXG x 10 2) = 14.8 V 
v = 14.8 sin(4001 — 120") 


¿= 6 Xx 107Í sin(ut — 2% + 90%) = 6 x 107é sin(wt + 889) 
v,, =1,R = (6 x 10 AQ x 10 0) = 42 x 10? y 
v = 42 x 107? sin(wt + 88*) 


¿ = 0.004 sin(wr — 90% + 90% + 180%) = 0.004 sin(wr + 180%) 
y, =1,R = (4 x 10% AX(7 x 10 0) = 28 V 
v = 28 sin(wt + 1807) 


A 20 2 Xz 1000 £ 
L= == =__ =1.59H b. L= == —__ = 2.654 H 
2xAf — 2(2 Hz) 2xAf  2x(60 Hz) 
X 
L=X%-_>3280%2 09H 
2xrf 2x(1000 Hz) 
Vir = 1,41 = (S AJO 0) = 100 V b. Vin = Tp XL = (0.4 AJQO 0) = 8 V 
v = 100 sin(wt + 907) v= 8 sin(wvt + 1509) 
¿ = Ó sin(w + 1509), V,, = 1, X, = (6 AJQO 0) = 120 V 
v = 120 sin(wt + 240%) = 120 sin(wt — 1207) 
= 3 sin(wt + 1009), V,, =1_X, = (3 A)J(20 0) = 60 V 
v= 60 sin(wf + 1907) 
Y, 50 V Ñ 
Ly = Xx = 259 712 1= 1 sin(ut — 907) 
n=" -30V Z06A,¡=0.6 sin(ut — 70 
ds X, So Q 
v = 40 sin(wt + 1009) 
y, 40 V E 
Li = Xx = 301 = 0.8 A, il =0,8 sin(wt + 107) 
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13. 


15. 


17. 


(Odd) 


v = 80 sin(377t + 220”) 


V 80 V 
LL. = Bd z —_—— = 1.6 , O Y 1 sl 
”“ "wm A, i = 1.6 sin(377£ + 130%) 
1 1 
YX, = IPS A 
SAC 250 HZ) x 10 F) 
A A A 
2AfC 2x(60 HS x 107 F) 
A A A 
2AfC  25(120 HzX(5 x 107 F) 
A A A 
2AfC 2x(1800 Hz)(S x 10 F) ' 
1 1 
X =— A A 1.327 0) 
CAC 2x(24 x 10 HS x 10% F) 
f=zr_e<_ 12 9.31Hz 
2nCXc  2x(50x10"? FI(342 0) 
A 
27CAC  2(50x10"É F)(684 0) 
AI A 
21CXC  2x(50x10" FX171 2) 
A A 
20CXc  2x(50Xx10"*é F)(2000 1) 
v = 30 sin 2001, X¿ = A: 3 k0Q 
wC (0 Xx 107) 
V 30 V 
Ll == =6mA,¡=6x1073 si ] 
o mA, ¿ = 6 X 10” sin(2001 + 90%) 


v = 9 sin 377t, Xo = 


Y, 
Im 


v = 120 sin(374: + 210%), X¿ = en 
10 


TA 


m" Xo 2,670 2 


1 ] 
wl  (B87DaA x 107é) 


20 V_ — 33.96 mA, i = 33.96 x 1077 sin(377t + 90%) 


= 2.65 kQ 


2,650 Q 


Ñ 1 
67014 x 1076) 


= 44.94 mA, i = 44.94 x 1073 sin(374t£ + 300%) 


= 2.67 kQ 


120 V 
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19. 


ZE. 
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d. v = 70 sin(800: + 70%, X= —, = —__—_ = 1.25 k0 
wC (soma x 1076) 
V 
1 == PV -5S6maA, ¡=56x 1073 sin(ut + 160%) 


1 _ 1 
WC (30010.5 x 1076) 
V_ =1,X¿ = (0.2 A)(6,670 0) = 1334 V, v = 1334 sin(3001 — 907) 


a. ¡ = 0.2 sin 3001, Xo = = 6.67 kQ 


b.  ¡i=7Xx107 sin37H, X= ==: __—_ —_—__— =5.331k0 


Y, =1,X( = (1 x 107? A)N5.31 x 10% 2) = 37.17 V 
v = 37.17 sin(377t£ — 90%) 


c.  ¿=0.048 sin(754t +9), X.= L=__!___-=265k0 
wC  (75410.5 x 1076) 
= 1, X= (48 x 107? A)JQ.65 x 10 2) = 127.2 V 
v= 127.2 sin 754£ 
d. ¿=80Xx 107 sin(1600: — 80%, X= L=___!____-125k0 


WE (160010.5 x 1076) 
V,, = 1, X( = (80 x 107? A)(1.25 x 107 2) = 100 V 
v = 100 sin(1600f — 1707) 


a. 1=5 sin(wt + 90%) : a 
y = 2000 sin wt ) O 
V 
8 S A 
b. = 2 sin(157t + 609) a 
v = 80 sin(157 + 150%) O 
Ve 80 V Xy 40 2 
X, = == =400L=.-= 2 = 254.78 mH 
he pe 2 A w 157 rad/s ÑÑ 
c. v=3Í sin(wt - 209) 
i = 7 sin(w - 209) Y in phase => R 
V 
R=-"=3Y-59 
| ÓN 
X, = 21fL = R 
L= F -__1000% _ _ 318.47 mH 


24  2x(5 x 10? Hz) 
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2d. 


29. 


31. 


33. 


35. 


37. 


(Odd) 


lo la p>c= Ll 2 12 —5.067nF 
2rfC 4FFL  4(9.86)(2500 x 10% x 107) 
1% 
a. p= Vrim os 9. 6 AJQOOO Y) om 0 w 
2 2 
b. cosó=0=>0W | E p= LDON coso” = 122.5 W 
v 2 
R=-”"=-8BV-60P=PR=|$4Al 60-192. w 
Ll,  8A > 
V 
P= mim cos a - (48 WA) dos 02 — 192 W 
2 2 
P = Vicos Ó = 48 V 8A cos 0” = 192 W 
2 2 
V 
p= Vrim 0 
2 
SO VyY 
500 w = 22 0.5)= 1, =40 A 
¡ = 40 sin(wt — 507) 
> y - Um - 100 Y 24 ¿=2sin(1571 — 602) 
m Y, 502 
v Xx 
bh. X= -"=10Y-5s00m17=“L-_20%_ - 318.47 mH 
Lv 2A w 157 rad/s 
Cc L=>0wW 
a. Xo=s=—=L=__! 508 
20, «€ (10 rad/s)(Q pF) 
Xc a E A = ] 50 


AA 
Zo T30Z90 


y2 2 sin(10% + 150%) = 2.828 sin(10% + 1509) 
iz = y2 8 sin(10% + 150%) = 11.312 sin(10% + 1507) 


Le 7 
ás 
ll 


=1, +L=2A 2150” +8A 2150” = 10A Z150* 
¡ = y2 10 sin(10% + 150%) = 14.14 sin(10% + 1507) 
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39. 


41. 


43. 


45. 


47. 
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5.0 236.87" b. 2.83 Z45* C. 16.38 277.66" 


806.23 282.87" e. 1077.03 Z21.80* f.  0.00658 Z81.25* 
11.78 / —49.82* h. 8.94 153.43" i. 61.85 Z—104.04* 

101.53 Z —39.81* k. 4,326.66 1123.69" LL. 25,495 x 1073 Z -—78.69" 
15.033 86.19" b. 60.208 24.76" c. 0.30 Z88.09* 

2002.5 Z-—87.14* e. 86.182 293.73" f. 38.694 Z —94.0” 

11.8 + 7.0 b. 151.90 + j49.90 c. 4.72 x1076 + 771 

5.20 + ¡1.60 e. 209.30 + j311.0 f.  —21.20 +j12.0 


-6 L20* +8 180” = (5.64 + /2.05) + (1.39 + 7.88) = 7.03 + 9.93 


(29.698 + j29.698) + (31.0 + 53.69) — (-35 + j60.62) = 95.698 + j22.768 
6.0 Z-—50.0* b.  0.2x 1073 Z140* c. 109.0 Z—230.0> 
76.471 Z —80.0* e. (11.314 Z45%/(2.828 145%) = 40 0" 

42.76 179.22*/60.30 95.71? = 0.71 Z —16.49* 

(0.05 + j0.25)/(8 —j60) = 0.255 478.69*/60.53 Z -82.41* = 4.21 x 1073 / 161.10" 
(7.5 L —126.87*)/(0.4123 Z —75.96*) = 18.191 / —50.91* 


x +54 + 3x + jy -—j]7=16 
(1 + 3x) + (4 + y - 7) = 16 +j0 


x + 3x = 16 4+y-7=0 
4x = 16 y =+7-4 
x=4 y=3 
(10 Z20%(x LZ -—60%) = 30.64 — ¡25.72 
10x Z —40* = 40 Z -40* 
10 x = 40 | 
x=4 
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C. Jx + ¡10 
2) 


10x + 20 — j5xy — P10y = 90 — j70 
(10x + 10y) + ¡Q0 — 3xy) = 90 — j70 


10x + 10y = 90 20 — 3xy = —70 

x+y=09 
x=9-y> 20 — S(9 — y)y = —70 
Jy(9 — y) = 9 


y--97+18=0 


(9) + 1(9? - 4018) 


y = > 
97+3 
a =6,3 
d > 
For y =6,x = 3 
y=3x=6 
(x = 3, y = 6) or (x = 6, y = 3) 
80 Z0” 
d. =4 / -0 = 3.464 - 92 = 4 Z -30* 
20 Z0 d 
0 = 301 
49. a. 56.569 sin(377t + 20%) b. 169.68 sin 377t 
c. 11.314 x 107? sin(377t + 120") d. 7.07 sin(377t + 907) 
e. 1696.8 sin(377t — 1209) í 6000 sin(377t — 1809) 


Sl. ¡=i¿+o>i=i-b 
(Using peak values) = (20 x 107% A Z90% — (6 x 1076 A Z-60) 
and i, = (0 +32 x 107?) — (3 x 107é — 55.196 x 1076) 

0.3 x107? + ¡2.5196 x 1073 = 2.537 x 1075 96.79? 

2.537 x 107? sin(wt + 96.79") 


53. (Using effective values) 


I, = 1, + L + L = 4.240 mA 4180” + 5.656 mA Z0” + 11.312 mA Z0* 
= —4.242 mA + 16.968 mA = 12.726 mA Z0” 
¡ = 18 x 1073 sin 377% 
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1, = V,/R = 150 V/S 2 = 30 A, i = 30 sin 377 

L,, = V/R = 30 V/5 2 =6 A, i = 6 sin(3774 + 20*) 
1, = V,/R = 40 V/5 2 =8 A, i= 8 sin(wt + 100) 
L,, = V,/R = 80 VIS 2 = 16 A, i = 16 sin(wt + 220*) 
02 


X, = 2x/L = 21Lf = (6.282 Hf = 12.56f = 12.56(25 Hz) = 314 2 


X, = 12.56f = 12.56(60 Hz) = 753.6 2 
X, = 12.56f = 12.56(2000 Hz) = 25.13 k2 
X, = 12.56f = 12.56(10” Hz) = 1.256 MQ 
X = 2 => = = = 
ds ió E CIAO 43 
so 2 
/ 62.8 
XL _ 377102 X; 
= £ =2" % - 60.03 Hz POE 
$= 323" “ez -  $= 3 
X. 2432 
== -= 3.87 Hz 
f 62.8 62.8 


X, = wL = (300 rad/s)(0.1 H) = 3 Q 
Vr, = LX] = (30 AJG 2) = 90 V 
v = 90 sin(30t + 909) 


X, = wL = (377 rad/s)(0.1 H) = 37.7 2 
y, =1,¡X, = (6 Xx 107? A)(37.7 2) = 226.2 mV 
y = 226.2 x 107? sin(3771 + 907) 


X, = wL = (400 rad/s)(0.1 H) = 40 2 
Vy,, =1,X, = (5 Xx 107% A)(40 2) = 200 un V 
v = 200 x 1076 sin(400£ + 1109) 


¡ = 4 sinQ0: + 2007) 

X, = wL = (20 rad/s)(0.1 H) = 2 Q 

V, =1X, = (4A)JQ 1) = 8 V 

v = 8 sin(20: + 290%) = 8 sin(20£ — 709) 
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12. a. 
14. a. 
16. a. 
18. a. 
20. 


(Even) 


X, = wL = (60 rad/s)(0.2 H) = 12 Q 
1 = Vin/X, = 1.5 V/12 2 = 0.125 A 
¡ = 0.125 sin(60£ — 907) 


X, = wL = (1 rad/s)(0.2 H) = 0.2 Q 
Ln = Vin /X] = 16 mV/0.2 Q = 80 mA 


¡= 80 Xx 107? sin(r + 4% — 90%) = 80 x 1073 sin(t — 86") 


v = 4.8 sin(0.05t + 230%) 

X, = wL = (0.05 rad/s)(0.2 H) = 0.01 Q 

Dir = Vin/X] = 4.8 V/0.01 Q = 480 A 

¡ = 480 sin(0.05: + 230% — 90%) = 480 sin(0.05t£ + 1407) 


v=9 Xx 107? sin(3771 + 90%) 
X, = wL = (377 rad/s)(0.2 H) = 75.4 0 
Vr = Vim/X] = 9 mV/75.4 Q = 0.119 mA 
¡= 0.119 x 1073 sin 3774 
A A A 
21fXc  6.28(60 Hz)(250 1) 
A A A A 
ZafXc  6.28(312 Hz)(35 1) 
Ce L_. LL = 636.94 pF 
2afX0  6.28(25 Hz)(10 0) 
I,, = V,/X¿ = 100 V/2.5 Q = 40 A b. TI, = V/X¿ = 0.4 V/2.5 2 = 0.16 A 
¡ = 40 sin(wf + 907) ¡= 0.16 sin(wf + 1109) 


v = 8 sin(wt + 1009) 
Dri = Vn/Xc = 8 V/2.59 = 3.2 A 
i = 3.2 sin(wf + 1909) 


v = —TO sin(wt + 40%) = 70 sin(wt + 220%) 
1, = V,/Xc = 70 V/2.5 NM = 28 A 
¡ = 28 sin(wr + 310%) = 28 sin(wt — 50*) 


y, =1,X(¿ = (50 A)(10 2) = 500 V b.  V, =1_X/= (40 A)(10 2) = 400 V 


v = 500 sin(wf — 90%) v = 400 sin(wt — 307) 


i= —6 sin(wt — 30%) = 6 sin(wt: + 150%  d. ¿ = 3 sin(wt + 1009) 
Vir = LC = (3 AJO 0) = 30 V 
v= 60 sin(w£ + 607) v= 30 sin(wut + 10) 


V,, =1,X¿ = (6 A)10 2) = 60 V 


v leads ¡by 90 >L, X, = V,/I_ = 550 V/11 A = 50 8 


X. _ sog 


rs SL  = 132.63 mH 
w 377 rad/s 


Lo 
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b. ¡leads vby90=>C,X¿= V./I, =36V/4A=90 
1 1 


A A A A 
oXo (154 rad/sJO 1) di 
C. v and i are in phase > R 
v 
r= mn. 105V _2p 
Il, ISA 
7 A A E A 
2 fC 2ARC 212 x 108 DU x 10F) 12.56 x 1073 
= 79.62 Hz 
26. Xo=X, 
] 
A 
2rfC ed 
2 1 
4rRLC 
NOS 
2yYLC > fo x 107 HX1 x 10 F) 
y 
28. a  P= mr cos 4 = E MULA) dos 90% = (X0) =0W 
v 
b.  P= rm cos 9 = CEN cos 90% = (X0) = 0 W 
v 
Cc. po 20% 09 9 = OS MUSA dos 09 = 7.875 W 


0. a  P= AL cos 30” = 389.7 W, F, = 0.866 
b.  P= LEA cos 60% = 25 W, F, =0.5 


o Pa EA cos 30” = 64.95 W, F, = 0.866 


E 


e cos 30% = 2.598 W, F, = 0.866 


32. P=100W: F,= cos 0 = P/VI = 100 W/(150 V)Q A) = 0.333 
P=0MW: F, = cos 0 =0 
P=300W: F.= 2% - y 
P == 300 
34. a 1, =E/R=30V/30=10A,i= 10sin(377 + 20") 
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36. a. 


38. a. 


42. a. 


(Even) 


2 
P = PR = 2 3 2 = 150 W 


Y2 
2 6.28 
= == ____ =16.67 
A A 


6(16.67 ms) = 100.02 ms = 0,1 s 


E, =1,X¿ = (3 A)(400 11) = 1200 V 
e = 1200 sin(377: — 20” — 90”) = 1200 sin(377t — 110) 


P=0W 


L¡|L, = 4 mH[|12 mH = 3 mH 
Xp, = 24fLy = 2x(10” Hz)(3 mH) = 18.84 0 


Vi = ImXL, = UZ 6 AJ18.84 0) = y2 113.04 V 
and v, = y2 113.04 sin(10% + 30% + 90%) 
or v, = 159.86 sin(10% + 120") 


Y 
Im ==> XL, = 2fL, = 210? Hz)(4 mH) = 25.13 2 


159.86 V 
IT += IS E OSO A 
de 25.13 Q 


and ¿, = 6.36 sin(10% + 30) 
X,, = 24fL, = 25(10? Hz)(12 mH) = 75.398 0 


_ 159.86 V 
m 775.398 Q 


and ¿, = 2.12 sin(10% + 30%) 


= 2.12 A 


5.196 + J3.0 b. 6.946 + 39.392 

2530.95 + ¡6953.73 d. 3.961 x 107% + ¡5.567 x 1075 
0.007 + 0.039 f. 8.561 x 1073 + ¡3.634 x 103 
—56.292 + j32.50 h.  —0.849 + 0.849 

—469.846 — ¡171.01 j. 5177.04 — j3625.0 

—4.313 — ¡6.160 I.  0.005142 — j0.006128 

12.951 + 1.133 b. 8.374 + ¡159.781 

6.996 x 1076 + ¡2.443 x 107? d.  —8.688 + j0.455 
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6 75.815 — ¡5.301 f. —34.514 — ¡394,493 


4. a  —2.0+334.0 b. (29.2 + 19.610 + j6) = 86.80 + ¡312.40 


c.  —0.0160 — 70.008 


d. (447.214 Z -26.565%(0.5 / —91.146%)(3.162 Z 108.435) = 707.045 £ —9.276* 


e. 8.0 282.0" f. 49.68 £ -—64.0* 


g. 0.040 Z260* h.  —16,740 Z160' 


46. a 19-33 =10.0-55.0 
1 +30 


8 Z60* 8 60” 
dl 102 + ¡100 142.843 / 44.433" ió 


(6 420%(120 Z-4050(5 53.13% _ 3600 233.13 _ 1800 63.13" 


2 £-30* 2 L-30* 
(0.16 Z120%)1(300 40%) _ 48 Z160% _ o 
E 9.887 L 71.565" 9.487 1 71.565* O 


e E O Y E 
4 x 10% 20% | | ¡(¡2) | [36 - 530 
8 1 
LEDO Dl ls 
(2500 | 5) sa Zasarr| 
(2500 Z —20%)1(8)(0.0213 439.81”) = 426 Z 109.81” 


48. a. 100.0 Z30? b. 0.250 Z -—40* 
ec. 70.71 Z —90* d. 29.69 Z0* 
e. 4.242 x 106 /90* f. 2.546 x 1078 Z70* 


SO. (Using peak values) 
Cin = Va + Uy Va = fin — Ub 
60 V 20” —- 20 V ZO? 
(56.381 + ¡20.521) — (20 + 70) 
36.381 + 20.52 
= 41.769 V Z29.43* 
and e;, = 41.769 sin(377t + 29.43”) 


2. e =v, + Uy, + 0, 
= 60 V 30 + 30 V Z-30* + 40 V Z 120 
= (51.96 + j30) + (25.98 — j¡15) + (-20 + ¡34.64) 
= 57.94 + ¡49.64 
= 76.297 V 40.592 
and e = 76.297 sin(w£ + 40.599) 
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